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INTRODUCTION
Alaska's far northern area is sparsely populated primarily because of a
severe climate which varies from northern temperate to Arctic. Construc-
tion and power costs are high. Skilled operating personnel are scarce and
expensive, if available. Receiving streams are said to be delicate, par-
ticularily in the winter, when little possibility for reaeration exists
due to a total ice cover. The oxidation ditch modification of the exten-
ded aeration activated sludge process appears to be well suited for the
treatment of wastes in this environment. Past operating data on a plant
of this type located in Interior Alaska (near Fairbanks) indicated it may
be well suited to treat small volumes of domestic waste economically,
with low sludge production, and minimal sensitivity to low temperatures.
Grube and Murphy (1969) reported data on this ditch at a time when it
was hydraulically underloaded by fifty percent. The data indicated some
sludge deposition in the ditch proper, although the removal of biochemical
oxygen demand (BOD) was consistently greater than ninety percent. Since
arctic engineering practice dictates deep ditches to minimize heat losses,
the sludge deposition problem, being proportional to depth, becomes an
important design parameter. To add to the deposition problem, the ditch
under study was used as a dumping station by septic tank pumping services,
severely adding to the solids load carried in the system.
The plant was operating at design loading when this project was performed.
This, together with the much greater solids loading, made the plant well
suited for study. The project was performed with the following primary
objectives:
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(1) to evaluate the process performance in a sub-arctic climate at
design capacity;
(2) to compare treatment efficiencies under both winter and summer
conditions;
(3) to evaluate the solids carried in the ditch as they are affected
by (a) rotor type, (b) waste loads, (c) season, and (d) ditch
configuration.
A number of ancillary studies were performed to aid in evaluating the
above. Poor quality effluent occasionally was produced. The mechanism
or mechanisms causing this were sought. The nature of the sludge in this
system, the effect of the extreme cold ambient temperatures on it, and
any changes in sludge concentration were studied. Methods for determining
the allowable solids loading on the settling tank were explored. The
significance of the very low Sludge Volume Index (SVI) was analyzed and
discussed. Areas of excess sludge deposition were located in situ. A
comprehensive literature review on the oxidation ditch process is presen-
ted. The possibility of avoiding excess sludge deposition by use of an
alternate rotor is discussed. The suitability of this process, or modifi-
cation thereof, is presented in the discussion and conclusion.
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BASIC PRINCIPLES AND BACKGROUND
Pasveer developed the oxidation ditch process in an attempt to find a
method to treat small volumes of sewage at minimum cost. The design is
a modification of the extended aeration activated sludge process. Pasveer
(1960) summarized important aspects of the process as follows:
(1) the energy required for oxygenation is greater than for conven-
tional activated sludge plants because the sewage is not pre-
settled, making the exerted BOD higher (this is true of any
extended aeration process, not just the oxidation ditch);
(2) every class of waste able to be treated by biological oxidation
can be treated in this process;
(3) the high suspended solids level renders the process quite insen-
sitive to peak loads;
(4) due to the large vol ume of the aeration tank, it is less sensitive
to sudden increases in toxic constituents should they be intro-
duced;
(5) the treatment efficiency of the plant will be less susceptible
to the influence of low temperature than conventional activated
sludge, which is relatively insensitive.
The process differs from conventional extended aeration in its physical
configuration, not the biological process effecting treatment. Detailed
discussions of the biological principles will not be presented in this
volume unless they have a direct bearing upon the findings. Complete
reviews of the theory and practice are available in the open literature.
The only factors different in the oxidation ditch are the aeration tank
shape and the method of oxygen transfer and mixing.
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The basic form of the aeration tank is an oval ditch, usually having a
trapazoida1 cross section. Materials of construction vary from earth to
concrete linings. A detention time of 24 hours, in conformance with estab-
lished extended aeration criteria, is normally specified.
A cage rotor is used for aerating the activated sludge. This is merely
a mechanical aerator. The rotor also provides circulation and turbulence
so the mixed liquor suspended solids (MLSS) do not settle and are able to
pass under the rotor at frequent intervals for reaeration. Various con-
figurations of ditches and rotor placement are presented elsewhere in this
report.
Existing Practice
Kountz and Forney, as reported by Eckenfe1der (1966), have shown that
approximately twenty-three percent of the biological solids produced in
the extended aerati on process are re1ati ve1y inert to further degradati on
and accumulate in the system. On the other hand, the active mass of organ-
isms in the system is relatively constant, being a function of the loading
rate of biodegradable material (BOD) applied. Table 1, "Reported Oxidation
Ditch Loading Rates," presents some data from the literature on existing
facilities. The normal loading varies from 10-14 pounds of BOD applied
to the plant per day per thousand cubic feet of aeration capacity (lbs
BOD/day/1000 cu. ft.). This figure is relatively standard for all exten-
ded aeration processes. All of the data shown resulted in ninety percent
or greater BOD removals. Of extreme importance is the level of MLSS
carried in the system. Solids loading rates are a function of this value
and not necessarily a function of the aeration tank volume. The normal
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TABLE 1: Reported Oxidation Ditch Loading Rates
LOCATION DITCH LOADINGS SOURCE
Vol umetri c (~ ) Solids (2)
Netherl ands 10.5 Pas veer (1960)
Ontario 13.0 0.052 Guillaume (1964)
Minnesota 12.2 Anon. (1965 )
Summer 0.027
Winter 0.042
West Virginia 13.5 Burchinal &
Jenkins (1969)
Ohio 12.5 Kaneshige (1970)
(1) lbs BOD applied per day per 1000 cu. ft. aeration capacity
(2) lbs BOD applied per day per lb MLSS under aeration
design value for these plants is approximately 0.052 pounds of BOD applied
per day per pound of mixed liquid suspended solids under aeration. A dis-
regard for the solids level, and/or designing for the distant future, can
result in low BOD loadings, which in turn can cause poorly settling sludge
and/or its loss in the effluent. A better means of expressing loading
would be in terms of volatile suspended solids rather than total suspen-
ded solids, although even this has certain disadvantages depending upon
the age of the sludge. Eckenfelder (1970) has presented equations to deter-
mine the required MLVSS in the extended aeration process. Since this is a
rather standard approach in the design of such systems, further explana-
tions will be not considered in this report.
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The activated sludge floc produced in the extended aeration process
generally settles rapidly. Lawrence (1963) reported on the very short
times required to settle the sludge at many plants in Canada. He attri-
buted the phenomena to the low energy level of the organisms. The food
to microorganism ratio is small in the extended aeration process since
the organisms are in the endogenous phase of metabolism; hence their low
energy level. The quick and easy settle~lity of the solids is evidenced
by the low Sludge Volume Index (SVI) encountered in most oxidation ditch
plants reported in the literature. The settling tank should be designed
by considering the sludge settling characteristics, since settling may
indeed be the most important single item to be considered in the total
process. Di ck (1970) reported the sol i ds sl udge curve method used for
design of settling tanks. Dick (1969) also discussed the value of Sludge
Volume Index and stated that it is only a single point on the settling
curve, and great significance should not be attached to it. American
engineers have long used the SVI as a critical parameter, many plants being
operated with this value in mind. In fact, most state standards specifi-
cally refer to this value in their operating procedures. Kalbskopf (1970)
reported that SVI does indeed have a decisive influence on the permissable
solids loading on settl ing tanks, but suggested a new desi gn parameter
which he calls "sludge volume loading." The sludge volume loading is
obtained by multiplying the Sludge Volume Index, in cubic meters per kilo-
gram, by the solids loading, in kilograms per square meter per hour. He
suggested that values exceeding 0.300 cubic meters per square meter hour
should not be used. Based upon the literature and the data accumulated
on this project, it follows that in the oxidation ditch system, with its
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inherently low Sludge Volume Index, higher solids loading than conven-
tional process should be considered in design. Pasveer (1960) indicated
SVI values ranging from 44 to 55 for the ditch at Noordwijk. Ford (1970)
reported SVIs of 80 to 200 for conventional activated sludge plants treat-
ing domestic wastes.
This information signifies that the sludges developed in the oxidation
process may indeed be different than conventional activated sludge. In
fact, they may even be somewhat different than sludges from other types
of extended aeration modifications of the conventional activated sludge
process.
Aeration and Mixing Devices
The so called cage rotors are used to aerate and circulate the activated
sludge within the oxidation ditch proper. Baars (1962) stated that the
required velocity of the material should be between 25 and 30 em/sec
(0.82 and 0.98 ft/sec). Pasveer (1960) demonstrated that a velocity of
30 em/sec would not exceed the critical value needed to prevent erosion
of various European soils, and that an excavated and unlined ditch could
be used in nearly any soil.
Design criteria has been established for ditch volume per foot of rotor
as well as the ratio of the length of rotor to the ditch width. Baars
(1962) recommended 150 cubic meters of aeration tank volume per meter
length of rotor (12,079 gallons per foot). Burchinal and Jenkins (1969)
used a value of 16,000 gallons per foot of rotor in the design for the
plant at Cameron, West Virginia. Guillaume (1964) concluded that adequate
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circulation could be provided with 16,000 gallons per foot in a concrete
lined ditch, and 13,000 gallons per foot for an unlined ditch.
The velocity achieved in the ditch is a function of the immersion depth
of the rotor and the total depth of the liquid in the ditch. For example,
Kaneshige (1970) reported the average velocity at Somerset, Ohio to be
1.55 fps at 4 inches immersion, 1.65 fps at 6 inches immersion, and 1.92
fps at 9 inches immersion. The ditch was concrete lined and designed at
13,000 gallons per foot of rotor. As would be expected in any open chan-
nel, the velocities at the bottom of the ditch, and at the sides, were
significantly lower than those in the top one third.
The pri mary purposes of mai ntaini ng the aforementi oned velocity are three-
fold: (1) to provide intense aeration to the waste every 4 to 10 minutes,
which approximates the complete mixing concept as advanced in the more
recent literature by McKinney and others; (2) to provide a velocity suffi-
cient to keep the activated sludge floc in suspension and to prevent unwan-
ted sedimentation; and, (3) to fully homogenize the incoming waste with
the contents of the ditch. In many cases the cont roll i ng factor is the
rotor length necessary for propulsive power to induce circulation rather
than the oxygenati ng capacity or the turbul ence. Burchi naland Jenki ns
(1969) and Zeper and De Mann (1970) showed an adequate suspension of the
floc can be maintai ned in an oxi dati on di tch even though the SVI is be low
60 as long as the velocity is maintained between 25 and 30 cm/sec. These
ditches were of trapazoidal cross-section. The ditch upon which this
study was based has a rectangular cross-section.
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Pasveer (1960) used an oxygenation capacity to BOD load factor of 2 for
designing cage rotors. Guillaume (1964) came to the same conclusion that
two pounds of oxygen per pound of BOD applied must be transferred to the
solution. Beck (undated) reported performance curves (done by others) at
different depths of immersions for the rotors marketed by the Lakeside
Equipment Corporation. This data have been adopted for design criteria
in North America. Beck (undated), in the same publication, described the
possible flexibility in operation by changing the immersion depths accord-
ing to BOD load. Baars (1962) commented as follows on Beck's work:
"If the ditoh oapacii;y seleoted is greater than neoessary for the
aotual load with a view to possible needs in the remote future,
it might be supposed that even with the slight depth of immersion
that is needed to give this low oxygen supply, the mixed liquid
would oiroulate at the desired speed. This, however, is not the
oase. When oonditions beoome too extreme the ditoh has to be
built for the aotual load and enlarged afterwards. On the other
hand, when sewage with a very high BOD has to be treated and large
quantities of oxygen supplied, great depth of immersion is neoessary
or required. Undsr suoh oiroumstanoes the oiroulation velocity
in the ditoh may beoome too high, reduoing the differenoe between
the speed of the rotating aerator blades and the water. Speoial
measures then must be taken to lessen the speed of the latter by
means of perforated baffles."
Naturally, if a significant difference in the tangential velocity of the
rotor and the horizontal velocity of the water is not maintained, an
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adequate velocity will be created, but sufficient turbulence will not be
induced to transfer the necessary oxygen. Zeper and De Mann (1970) attri-
buted the restriction on the maximum depth of the oxidation ditch of 1.5
meters to the fact that the cage rotors have effective grip only on the
surface layers. Hence, they concluded that the depth of the Pasveer
ditch is limited by the conventional cage rotor. If the normal wide
dividing strip is replaced by a thin wall in order to minimize heat loss,
the problem becomes more severe. Ironically, in subarctic and arctic
climates, both conditions are advantageous. To reduce the surface area,
to conserve heat, and to reduce construction costs, deep ditches with a
single dividing wall are logical in the far north. It follows that the
cage rotor is not the most efficient means to satisfy these conditions.
Zeper and De Mann (1970) did describe a low cost aeration device of high
oxygen trans fer effi ci ency whi ch can generate the requi red flow even in
deep ditches. The reported new aeration device, the so called "Carrousel,"
is a surface aerator which imparts centrifugal movement to the upper layers
in the tank as well as a rotating movement along the vertical axis. They
reported a uniform turbulent flow over the entire cross-section of the
tank with this aerator. Le Compte and Mandt (1971) reported the use of
jet aerators to propel and aerate the mixed liquid in very deep ditches.
They reported this device to be a much better flow inducer and aerator
than the cage rotor. Unfortunately, only sparse data is presently avail-
able on this latter system, although it is felt by the authors it may be
a significant advance for the oxidation ditch configuration.
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Ditch Confi gurati on
Pasveer originally envisioned the oxidation ditch as an earthen ditch with
a trapazoidal section and some form of bank protection near the liquid
level. The original process was a fill and draw device in which the in-
coming waste was allowed to enter the ditch. The rotors were turned off
intermittently and the activated sludge was allowed to settle, after
which the effluent was drawn off. The median strip was designed so that
its radius of curvature was not so sharp as to increase the frictional
resistance or retard the liquid flow. Median strips are recommended over
the alternative single baffle wall since the latter can cause eddy currents
which disrupt the flow pattern at the ends of the ditch. A number of con-
figurations for the oxidation ditches have been put forth in the litera-
ture. Fi gures 1 and 2 are the sketches of some of these. Fi gure 3 shows
the plan and details of the ditch studied at College, Alaska and reported
on herein. A fair amount of discussion can be found in the literature
concerning the ideal size and shape of oxidation ditches. However, the
fundamental considerations of hydraulics and sedimentation clearly point
to the fact that the confi gurati on is 1i mited and that good desi gn practi ces
must be used. The construction materials specified have varied from soil
to concrete lined, as well as concrete block, ditches. The selection of
material depends upon the climate where the unit will be used as well as
local economics. For instance, an earthen ditch with an impermeable mem-
brane has been used, but experience with PVC liners indicate they are not
feasible for use in cold climates since the material is very susceptable
to damage at low temperatures due to brittleness. Ice formation often
11
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GENERAL DIMENSIONS
Ditch:
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can cause breaks in the lining. Of course, aging, and exposure to sun
light, increase its susceptability to damage. Like any engineered con-
struction, the choice of material used for the walls and subsurface will
be dictated by local conditions, economics, and soils.
Ditch Capacity
The maximum size of an oxidation ditch is restricted by the large surface
area required, since the liquid depth should be limited to 5 feet or less
when using conventional rotors. The quantity of surplus sludge that can
be handled economically is a factor that must be considered. Elaborate
sludge disposal schemes could easily make the process equally or more
expensive than conventional activated sludge. One must be aware that the
energy requirements of the oxidation process are approximately 25 kilo-
watt hours per population equivalent per year as compared to the conven-
tional activated sludge process which requires approximately 12 kilowatt
hours per population equivalent per year (Zeper, 1969). If the Carrousel
type aerator, which is said to enable one to design for depths of 2.5
meters, is feasible, or the ejectors reported by Le Compte and Mandt (1971),
these factors would be changed. It must be remembered that the oxidation
ditch was originally developed for small communities, making it difficult
to extrapolate its usefulness for large population centers because of the
cost of land and power, which can be overcome by processes using shorter
detention times.
On the other extreme, very small plants create different problems. For
example, in a 10,000 gallon per day plant having pronounced diurnal load-
ings, there is a possibility that during certain periods continuous
15
aeration without sufficient food could cause the activated sludge to
become dispersed, subsequent settling being rendered difficult. Thus,
small plants operated intermittantly may be most suitable in some cases.
However, such systems are prone to short circuiting and methods of preven-
ting this should be considered. Holding tanks and other appurtenances
have met with some success.
A series of small oxidation ditches of approximately 30,000 gallon per
day capacity (at 24 hour detention time) have been constructed between the
City of Fai rbanks and the Brooks Range in northern Alaska for the construc-
tion camps to be used for the Trans-Alaska Pipeline System. These ditches
seem to be perfectly suitable for operation, and there is no reason why
they should not work. No long term data is available on these (Murphy,
1972) because the loading factors have been extremely low since the popu-
lation has been only at a caretaker level, thus making them over designed
for this load by a factor of approximately 20.
Types of Waste Amenable to Treatment
Adema (1967) reported a ditch treating wastewater from two coking plants
with very hi gh effi ci ency. A shortage of phosphorus was reported on these
plants but was alleviated. Dairy wastes have been treated, as reported
by Pas veer (1960), and phenol (Baars, 1962), as well as data showing a
considerable tolerance for peak loads and/or shock loads. Ditches have
been installed to treat animal waste, slaughter house waste, cannery
waste, and industrial waste containing organic chemicals (Hikes, 1971).
The use of oxidation ditches as an intregal part of animal housing units
have been extensively reported in the literature (Hart, 1970). The
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literature is replete with information indicating that the oxidation
ditch process is very suitable for the treatment of industrial waste,
since it can tolerate peak loads of toxic components much better than
the conventional activated sludge process. This fact is borne out when
one realizes that the oxidation ditch is simply a form of a nearly com-
plete mixed extended aeration plant.
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EXPERIMENTAL PROCEDURE
The oxidation ditch studied at College, Alaska is presented as Figure 3.
The basic dimensions of this plant are shown therein. Two cage rotors,
27-1/2 inches in diameter and 13 feet long, are mounted at the center
of the ditch. They are each driven by a 7.5 horsepower motor at 89 rpm
with an immersion depth of 6 inches. The rotors and driving motors are
located inside a concrete block housing which has been used to prevent
freezing of the spray during the winter periods.
The influent waste flow is from the University of Alaska, a few adjacent
subdivisions, and a grammar school, thus making the raw waste essentially
domestic sewage. The raw waste enters the plant through a bar screen
from which it goes to a wet well and is intermittantly pumped to the
ditch by 800 gallon per minute Smith and Loveless pumps. During the
study period, the return sludge was drained into the wet well by gravity
and pumped with the raw waste into the ditch. The settling tank, 30 feet
in diameter with a volume of 54,000 gallons, is peripherally fed, with a
center weir for discharge. Effluent passes through a 12 inch Parshall
Flume and then is chlorinated in a contact chamber, from which it is
discharged into the Chena River, a small river in the Tanana River basin.
Raw waste was sampled from a manhole immediately ahead of the wet well.
All effluent samples were taken at the Parshall flume immediately down-
stream from the sedimentation tank. No flow measuring devices have ever
been installed in the effluent line and the flow through the plant was
estimated from measurements at the Parshall flume. The mixed liquor samples
were taken at the point where they enter the inlet channel to the settling
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tank. The suspended solids and dissolved oxygen in the ditch proper could
be determined only on one side of the rotor since the other side was in-
accessible due to a chain-link fence. A D.O. sampler was used for collec-
ting all samples within the ditch proper.
Methods of Analysis
All analyses were performed as delineated in Standard Methods for the
Examination of Water and Wastewater (1965). Many of the dissolved oxygen
values in the ditch were determined with a Beckman DO analyzer, as were
the oxygen uptake rates. The climatological data presented are those
observed at the Fairbanks International Airport, located approximately
2 miles from the treatment facility.
Insignificant ambient temperature differences were noted between the air-
port and the ditch. During the period of study the treatment plant was
operati ng at very near desi gn capaci ty. As was poi nted out previ ously,
an atypical situation occurred throughout a great part of the study as the
owner of the oxidation ditch, College Utilities, Inc., provided as a ser-
vice to the local septic tank pumpers the availability of the ditch to
dump their tankage. The number of loads of septic tank waste and their
volume and strength were unable to be determined throughout the test
period. Therefore, it is known that a greater amount of BOD and suspen-
ded solids (over figures for the influent) were added to the system
throughout the study, but quantitative values are not known. However, as
one will notice upon the examination of the results which follow, the
plant operated quite effectively, and, if the reported numbers are in
error, they are conservative.
19
The results which follow in the next section have a two fold purpose:
(1) to present a large amount of data taken throughout a long study period
which gives a basic evaluation of the oxidation ditch as a treatment de-
vi ce; and (2) some specific studi es concerned with the sl udge depositi on
and a sludge balance, as well as dissolved oxygen concentrations in
various locations in the ditch and studies on aerobic stabilization of
the sludge. The overall efforts serve the purpose of giving an overview
of the oxidation ditch process for relatively small treatment plants in
the Far North and some specific studies related to this ditch and some of
the operating parameters.
Much of the data is presented graphically. Additional data used in the
analysis is reported in the appendix.
20
RESULTS AND DISCUSSION
Influent Characteristics
The BOD and suspended solids of the influent were determined on a regular
basis over an eight month period. Probability plots of influent BOD and
suspended solids are presented in Figure 4. The BOD was less than or
equal to 200 mgl1 and suspended solids less than or equal to 175 mgl1
50 percent of the time. These data were obtained from grab samples, ex-
cept for two days (3/22 and 717). Table A-1 (Appendix) lists these para-
meters as well as the volatile fraction and pH. The diurnal variation
of influent suspended solids and BOD were also determined for this plant
and are shown in Figure 5. As would be expected, both parameters had
peaks in the mid-morning and early evening, with a minimum during the
early morning hours. The flow through the plant, as measured by the
effluent flow in the Parshall flume, is depicted in Figure 6 for both sum-
mer and winter conditions. The peaks and valleys coincide with BOD and
suspended solids, indicating that the influent to the plant was very weak
at the time.
The sewage temperatures for both summer and winter conditions versus
time for typical days are presented in Figure 7. Surprisingly little
difference in temperature between the two seasons was measured. This is
attributed to the fact that many sewers in the area served by this facil-
ity are located in uti1idors (all at the University of Alaska). Thus, the
faiir1y hi gh temperatures of the incoming waste may be one reason for the
good performance of the ditch. In the winter, the daytime low flow tem-
perature was BOC compared to the high of 19°C. Figure B shows the maximum
and minimum average daily ambient air temperatures during the study period.
21
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Although the air temperatures are extreme, the lowest temperature is
found during the period of maximum flow, which is also the time when
temperatures are highest in the utilidors. The steam lines which are
installed in the utilidors are carrying their maximum load to heat the
various buildings at the University.
Effluent Characteristics
Probability plots of the effluent BOO and suspended solids concentrations
are presented in Figure 9. The BOD was less than or equal to 29 mg/l
50 percent of the time. The occasionally high suspended solids and BOD
which occurred were due to the return sludge line clogging, thus overload-
ing the sedimentation tank. Removal of return sludge by gravity will al-
ways be prone to such problems. The owners of the plant, cognizant of
the problem, are in the process of remedying the situation (1972). The
frequent unpredictable loss of solids in the effluent due to the above
reason, along with the normal auto-induced sludge wasting typical of exten-
ded aeration plants, as well as the daily introduction of septic tank
sludge, masked any attempt to define and measure the sludge growth in the
system. Table A-2 (Appendix) lists these parameters as well as the vola-
tile fraction and pH.
The plant efficiency is a function not only of the biological reactions,
but to an equal or greater degree, of the settling and return of the acti-
vated sludge. In addition to poor effluent quality occurring during the
loss of the solids mentioned above, the active mass from the system is
lost, which affects the biological efficiency. Efficient return of the
sludge is a small maintenance and operation factor considering its effect
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on the total system.
Table A-3 (Appendix) lists the BOD:COD ratios of both the plant influent
and effluent during the pernod of the stugy. The influent had a range
between 0.38 and 0.80, and the effluent between 0.18 and 0.57. The
lower BOD5 to COD ratio in the effluent compared to the influent in any
waste treatment process may be due either to the concentration of non-
removable refractory materials accounting for a larger portion of the
COD in the effluent than in the raw waste, or due to the larger BOD
reaction rate of the raw waste compared to the treated effluent. In the
treated effluent, most of the oxygen consumption is at the slower endogen-
ous rate yielding a lower mean BOD reaction rate compared to the untreated
waste water. Thus, the BOD5 to COD rati 0 becomes 1ess throughout the
process. In the case of domestic waste, the fraction of refractory com-
pounds may not be significant, and the lower BOD reaction rate of the
effluent probably has the most pronounced effect on the BOD to COD ratio.
Clark, et al. (1970), reported that the BOD to COD ratio varied between
0.13 to 0.27 for the effluent and between 0.55 and 0.66 for the influent
in the case of an experimental extended aeration plant situated 20 miles
south of Fairbanks treating domestic waste.
Overall Process Efficiency
The removal efficiencies of both BOD and suspended solids are listed in
Table 2. Except for those days in which the solids were being discharged
in the effluent, the BOD removal ranged between 77 and 97 percent, and the
suspended solids removal between 75 and 93 percent. The removal efficiency
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TABLE 2: BOD and Suspended Solids Process Removal Efficiencies
REMOVAL EFFICIENCIES
- % REMOVAL EFFICIENCIES-%
DATE BOD S.S. DATE BOD S.S.
1/13 87 79 3/22-23 83 83
2/2 90 90 5/18 89 93
2/4 84 90 5/24 91 95
2/11 89 82 5/26 90 93
2/16 81 86 6/2 92 92
2/18 84 85 6/3 79 92
2/20 78 75 6/5 87 77
2/23 77 82 6/9 73 52
2/26 16 6/14 90
3/2 86 90 6/29 88 88
3/4 93 91 7/6 97 92
3/10 90 85 7/7-8 89 86
3/13 93 85 7/27 93 93
All data presented in Tables A-l and A-2 (Appendix).
was generally higher during the summer. The BOD removals based on the 24
hour composite samples of March 22, 23 and July 7, 8 were 83 and 89 per-
cent respectively. Efficiency on other days, based on grab samples, have
limited interpretive significance except that they are indicative of the
overall state of the plant. The organic loading rates on March 22, 23 and
July 7, 8 were 14.5 lbs BOO/1000 cu.ft./day (0.12 lbs BOO/lb MLVSS/day)
and 7.1 lbs BOO/1000 cu.ft./day (0.026 lbs BOO/lb MLVSS/day) respectively.
The latter loading could lead to poor settling sludge, although this was
not the case, probably due to the large BOD load in the form of septic
tank sludge introduced into the system. On July 7, 8, eight trucks of
septic tank sludge were discharged into the ditch, and on March 22, 23,
29
two truck loads were discharged into it.
Goodman (1972) stated "We are only getting 60 to 75 percent removal of
biodegradable waste from the average well run treatment plant in our
country." He went on to mention that this was not necessarily attribu-
table to poorly designed plants, or undertrained operating personnel. He
added that upgrading the conscientiousness of plant personnel could make
up for a multitude of sins in design of present plants. He further
stated: "We not only have the technological ability to clean up 90
percent of the waste in muni ci pa1 effl uents, we have the producti on
capability." His figures were based upon the fact that samples are not
always taken at the worst times of the day or during a plant upset. The
operators are usually much too busy attempting to remedy the situation.
to devote large amounts of effort to routine analytical testing. Based
upon these figures, it appears that the oxidation ditch, which is ostensibly
operating under very severe conditions, is doing quite well and can be
said to be equal to or better than the national average. Without consider-
ing any of the other factors involved, the performance of the ditch was
not affected by low temperatures. It was possible, however, that contact
stabil i zati on mi ght have been occurri ng in the infl uent v.et well when the
activated sludge came into contact with the influent. This is an interes-
ting conjecture, but because of the physical nature of the plant, defini-
tive data on this point was impossible to obtain.
Oxidation Ditch Mixed Liquor Characteristics
The mixed liquor suspended solids and the Sludge Volume Index (SVI) were
determined throughout the study period and are presented in Table 3
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TABLE 3: Mixed Liquor Suspended Solids Characteristics
OATE MLSS MLVSS %VSS SVI pH OATE MLSS MLVSS %VSS SVI pH
mg/l mg/l mg/l mg/1
1/7 1152 798 70 39 7.9 3/13 960 670 70 203 7.0
1/9 844 560 66 57 7.6 3/23 3436 2268 66 55
1/13 1160 790 69 47 7.6 5/18 5770 2700 47 38 7.1
1/21 3460 2480 72 35 7.4 5/20 4130 1950 47 35 7.2
1/28 3130 2150 69 5/22 5310 2530 48 38 7.2
1/30 1685 1165 69 7.2 5/24 5120 2350 47 43 7.2
2/2 1440 1352 94 49 7.3 5/26 4410 2140 49 39 7.2
2/4 380 275 72 53 7.2 5/28 2850 1400 49 35 7.2
2/6 1740 1260 72 55 6/2 3990 1920 48 7.2
2/11 1000 630 63 50 7.3 6/3 4810 2330 48 42 7.2
2/13 1780 1210 67 62 7.1 6/5 2920 1470 50 48
2/16 2480 1720 70 36 7.0 6/9 5830 2990 51 55 7.1
2/18 2300 1600 70 40 7.0 6/14 4090 1970 48 55
2/20 1290 880 68 120 7.1 6/18 3560 1740 49
2/23 2160 1520 70 70 7.1 6/28 4060 2040 50
2/26 1030 870 84 75 7.0 6/29 2080 950 46
2/27 730 500 68 7.4 7/1 930 510 55 32
2/28 910 600 67 7.5 7/6 3840 1990 52 34
3/2 1250 830 67 7.4 7/7-8 8075 4415 55 37
3/4 1480 940 64 7.3 7/16 8330 4450 54
3/10 990 660 67 III 7.2 7/27 5260 2820 54
together with the pH and volatile suspended solids. As can be seen, the
SVI values were very low, consistent with values expected for low energy
systems. It follows that if the settling tank loading waS to tie based on
the criteria suggested by Kalbskopf (1970) in terms of sludge volume 10ad-
ing, higher solids loadings on the settling tank serving the ditch are
possible. The fluctuation in solids level was attributed to storage of
sludge in the settling tank due to the clogging of the return sludge line,
or to the loss of sol i ds in the effl uent. Thi s rather 1arge fl uctuati on
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in the ditch proper is quite significant and can be attributed to opera-
tional problems rather than process problems.
The data of Table 3 indicates that as the Sludge Volume Index decreased,
a proportional decrease in the volatile suspended solids fraction took
place, although this was not consistant. A significant reduction in the
VSS fraction from about 70 to 50 percent occurred during the study period.
A definitive reason for this reduction is not clear, although it is thought
to have been due to the high fixed solids in the septic tank sludge
which would accumulate with time. This change also coincided with the
release into the ditch of a frozen sheet of solids about 60 to 70 feet
long, the width of the ditch, and more than 1 foot thick. The reason the
ditch froze, and some of the implications, are described below. The
large increase in the solids level during the summer survey was attri-
buted to the above release. The mixed liquor solids had a high fraction
of non-biodegradable volatile solids as evidenced by a very low oxygen up-
take rate. The discussion of this information is presented elsewhere
in this report.
Freezing in Ditch
A sheet of ice ten feet long was noticed just ahead of the south turn of
the ditch in the latter part of January. Its formation was originally
due to foam generated by the rotors. As is well documented in the litera-
ture, foaming problems increase at lower temperatures, predominantly due
to the fact that protei n has a tendency to foam under turbul ent condi ti ons
as the temperatures decrease. The foam, once it was formed, had a very
large surface area and would quickly freeze on the ditch surface. In
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the process, some solids would become enmeshed within the frozen lattice.
When the material floated down the ditch and reached the bend it would
tend to become jammed and cause the section behind to be covered with
greater amounts of foam. This action appeared to cause a constriction
of the surface velocity which prevented complete mixing. The liquid
underneath the foam layer therefore was able to freeze. The length of
the frozen sheet gradually increased toward the rotor, and, in the middle
of April, it was approximately 70 feet long, the width of the ditch, and
a foot thick. A large amount of solids was caught in this frozen sheet.
The low solids level of the mixed liquor during the winter survey and
the increase in the summer survey was probably caused by the solids release
when the ice was manually broken-up at the end of April and subsequently
melted, releasing large quantities of solids.
Sludge Deposition in the Ditch
The configuration of the College Utilities Corp. oxidation ditch was
previously mentioned as being prone to creating eddy currents. Many
of these were observed throughout the peri od of study and intensi ve sam-
pling procedures were instituted to determine their areal extent and
the concentration of various parameters within and below the eddy. The
easily settleable sludge of the process resulted in heavy sludge deposi-
tion in many of these eddy currents. Figure 10 delineates the areas where
sampling was performed on the south half of the ditch. The data obtained
during these procedures is tabulated on subsequent pages. Table 4, "Solids
Concentration at Ditch Section Midpoints," clearly demonstrates a strong
suspended solids gradient does not exist at the center of the ditch as
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TABLE 4: Solids Concentrations at Ditch Section Midpoints
SECTION DEPTH MLSS AVERAGE
ft. mg/l mg/l
0.5 1220
A-A' 1.5 2470 3010
3.0 5340
0.5 2050
C-C' 1.5 2770 2490
3.0 2640
0.5 2490
E-E' 1.5 3080 2796
3.0 2820
0.5 2510
F-F' 1.5 3060 2860
3.0 3000
0.5 3240
G-G' 1.5 2890 3350
3.0 3920
Ditch effl. S.S. = 2,250 mg/l
Data obtained on 4/13
as one proceeds around the circuit. This is consistent with the fact
that the velocity would be at its maximum at this point, sufficient to
carry the solids in suspension. Table 5 presents data obtained at Sec-
tion A-A' on two separate days (4/17 and 4/20). This information, although
not easily correlated from day-to-day, clearly shows a solids gradient
increasing from the center to the sides of the channel as well as with
depth. Section A-A' should be the least prone to sludge deposition as
it is immediately downstream from a constantly operating rotor. Thus,
if a solids gradient is evident at Section A-A', sections further away
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from the rotor will most probably be unable to hold the material in
s us pensi on .
TABLE 5: Suspended Solids Distribution at Section A-A' on Two Days.
LOCATION* DEPTH, FT. MLSS, mg/1 MLVSS, mg/l %VSS D.O. pH
mg/l
Sampled on 4/17
0.5 5040 2830 56 6.4
I 1.5 7210 4350 60 7.0
3.0 10670 6420 60 7.0
0.5 3970 2220 56 7.0
II 1.5 4340 2520 58 7.1
3.0 4000 2300 58 7.0
0.5 4100 2370 58 7.1
III 1.5 4250 2500 59 7.0
3.0 6410 3920 61 7.1
Sampl ed on 4/20
0.5 5270 2820 54 3.89 6.6
I 1.5 5730 3040 53 3.84 7.0
3.0 6740 3870 58 3.68 7.0
0.5 5400 2890 54 3.95 7.1
II 1.5 3770 2000 53 3.78 7.2
3.0 7260 4420 61 3.78 7.0
0.5 4290 2280 53 4.21 7.0
III 1.5 5770 3170 55 4.21 7.0
3.0 4660 2440 53 4.1 7.0
* I is 3 ft. from outer edge of A_A'II is at midpoint of A_A'
III is 3 ft. from inside edge of A-A'
The data of Table 5 indicates the volatile fraction of the suspended solids
was approximately the same, as a percentage of the total, in all vertical
sections. It can thus be concluded that the total mass of sludge was
settling uniformly rather than some more dense fraction of it, as was
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originally suspected at the onset of this testing.
Dissolved oxygen values were obtained on the second day of testing in
Section A_A' and are presented in Table 5. The D.O. varied between 3.68
and 4.21 mg/l in this cross-section. These values are within expected
limits and significant conclusions can not be drawn from the data except
for the fact that their magnitude indicates sufficient oxygen transfer
is taking place.
Table 6 presents further solids data for Sections 0-0' and G-G'. D. O.
values are also shown. This information clearly demonstrates the serious
deposition problem occurring at Section G-G', which is in the end of the
shaded "depositi on area" outl ined in Fi gure 10. Additi onal compl i cations
to process efficiency are characterized by the low D.O. concentrations
found at Section G-G'. This information definitely demonstrates the
rather extreme internal sedimentation problem taking place in this par-
ticular oxidation ditch. Additional information on dissolved oxygens and
pHs was taken during the study and is presented as Table A-4 (Appendix).
The indications of this data are significant in that a large amount of
solids deposition was shown. Apart from this, it was observed during the
period of study, by using a probe, that there was considerable bottom
deposits all along the ditch bottom, particularly near the sides and under
the areas of eddy and reverse currents (see Figure 10). At Sections G-G'
and 0-0', the sampler was imbedded in the deposited sludge, which was
quite dense in nature. In order to determine whether the solids themselves
were of a biodegradable nature, oxygen uptake rate studies were made on
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TABLE 6: Suspended Solids and D.O. Distribution
at Section 0-0' and G-G'.
LOCATION* DEPTH, ft. D.O.,mg/1 MLSS, mg/1 MLVSS, mg/1 %VSS
Section 0-0' , sampled 5/14
0.5 1.0 3490 1670 48
I 1.5 1.0 4460 2130 48
3.0 0.8 6850 4110 60
005 0.8 5100 2420 48
II 1.5 0.8 5430 2570 47
3.0 0.8 4670 2220 48
0.5 0.8 5100 2510 49
III 1.5 0.8 3060 1510 49
3.0 0.6 3630 1810 50
Secti on G-G' , sampled 5/14
0.5 0.3 6540 3220 49
IV 1.5 0.3 21620 10160 47
3.0 0.2 20920 10400 50
* I is 3 ft. from outer edge of 0_0'
II is at the midpoint of 0-0'
III is three feet from inner edge of 0-0'
IV is one foot from inner edge of G-G'
samples taken at Section G-G'. The results are shown in Figure 11. As
can be seen from the figure, the greatest oxygen uptake rate was at a
three foot depth in the area of eddy currents, while the smallest oxygen
uptake rate was at the 1.5 foot depth at the mid-point. This data is in-
dicative of a highly biodegradable material within the sludge deposits
whi ch coul d have a si gnifi cant beari ng .upon the operati on of the plant.
The Glenwood, Minnesota plant (Anon., 1965) reported significant sludge
deposition, as did PaSveer (1960), but he claimed it caused little or
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no reduction in the process efficiency.
Gas bubbles rising from the bottom layer were seen during the late sum-
mer, at which time pH values at the three foot depth were lower than those
just below the liquid surface, particularly near Section G-G', where the
pH was 6.6 (Table A-4). The 19°C temperature during the test was suitable
for anaerobic decomposition of the deposited layer. In the late summer,
the whole ditch became covered with a mat of floating solids, which
were thought to have originated from the anaerobic activity, raising the
sludge deposit from the bottom of the tank. These solids, if carried to
the settling tank, would not easily settle, most being lost in the efflu-
ent, lowering its quality. Thus, the sludge deposition problem could
be quite serious during the warm summer months, even in the sub-arctic
environment of Fairbanks, Alaska. Further, it would be expected that some
of the products of the anaerobic decomposition would in themselves exert
a BOD during a period when the oxygen levels are critical, any additional
BOD exertion being detrimental to the process. It thus appears that the
rectangular configuration and the aerators used in this plant are unsuit-
able for keeping the floc in suspension. Other types of prime movers
should be investigated for rectangular deep ditches without wide median
stri ps.
Further aerobic stabilization studies were performed and the results are
presented in TableA-5 (Appendix). The oxygen uptake rates were deter-
mined on the mixed liquor over a period of 5 days, 20 hours with continuous
aeration. The initial uptake rate was 0.114 pounds of oxygen per pound
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MLVSS per day. This rate was lower than that of the endogenous respira-
tion rates determined by Symons and reported by Eckenfelder (1966) for
mixed cultures developed from simple substrates. These values were found
to be 0.36 pounds of oxygen per pound MLVSS per day. The low uptake rate
indicates a high nonbiodegradable volatile content in the sludge. This,
in turn, signifies the active mass fraction of the VSS was low and that
if periodic sludge wasting was not accomplished, the percentage would
continue to be low. During the period of this study, intentional sludge
wasting was not practiced. At the end of the aeration period, a total
suspended solids oxidation of 22 percent, and volatile solids destruction
of 31 percent, were obtained. The significance of this result is two-fold.
First, it does indicate the relatively low active mass being carried in
the system, and secondly, the use of aerobic digestion for sludge con-
ditioning should be considered as a unit process in the oxidation ditch
confi gurati on.
Settling Tank Analysis
Periods of intensive study were performed to determine the sedimentation
tank characteristics. The data is presented in Table 7 for diurnal load
variations, loading rates, SVI, and return sludge concentrations. The
decline in solids levels from 7:00 p.m. to 8:00 a.m. was due to only one
rotor operating, a practice which was used to conserve power during much
of the year. Paranthetically, both rotors were put into operation during
periods of high BOD inflow. During the low flow periods, one rotor was
turned off. The solids concentration increased at 10:00 a.m., when the
other rotor was started. The return sludge concentration varied between
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TABLE 7: Settling Tank Hydraulic and Solids Loadings
DATE: 7/20~21
TIME HYDRAULIC MLSS SVI RETURN TIME HYDRAULIC MLSS SVI RETURN
OF LOADING mg/l SLUDGE OF LOADING mg/l SLUDGE
DAY gal/hr mg/l DAY gal/hr mg/l
3 pm 16,580 6,250 48 28,720 3 am 9,330
'4 16,580 5,880 49 25,580 4 10 ,150 5,000 28,400
5 16,580 5,910 51 28,9BO 5 9,220
6 16,580 6,480 46 29,920 6 8,510 4,910 28,040
7 14,OBO 5,900 51 29,860 7 11 ,300 4,440
8 11 ,300 5,860 46 28,700 8 11 ,300 4,310
9 15,600 5,610 46 29,440 9 15,600
10 15,600 4,960 52 28,620 10 16,150 5,3BO
11 11 ,790 5,210 50 30,300 11 16,150
12 9,950 5,070 49 30,360 12 16,580 5,280
1 am 9,220 1 pm 16,580
2 8,510 4,950 49 28,360 2 16,580 5,920
25,580 mg/l and 30,360 mg/l (Table 7). At the maximum flow of 16,580 gph
and a solids concentration of 6,250 mg/l, the dry solids loading was 29.3
pounds per square foot per day. This is a very high loading, but the
settling tank was able to handle it efficiently. The sludge volume load-
ing for the above data, in cu.m/sq.m/hr as suggested by Kalbskopf (1970),
was 0.286. The upper limit given by Kalbskopf was 0.3 cu.m/sq.m/hr.
Hence, it is clear that due to the low SVI encountered in the oxidation
ditch system, a high solids loading on the settling tank will result, and
is efficient.
Dick (1969) questioned the capability of SVI to indicate the settling
characteristics of activated sludge. He demonstrated that two sludges
of entirely different settling characteristics can have the same SVI
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values. In order to determine whether Dick's approach was significant
for the College Utilities plant, settling characteristics were obtained
for four concentrations of the sludge and are shown in Figure l2(a).
The settl ing vel ociti es obtai ned are presented in Table A-6. From thi s
data, a solids flux curve was constructed as shown in Figure l2(b), based
on the same data. It can be seen that for solids loadings as high as
56.5 lbs/ft2/day, the settling tank can return sludge effectively at a
concentration of 29,000 mg/l at an SVI of 47. The limiting value using
the sludge volume loading approach would allow only 30.8 lbs/ft2/day at
this SVI. It thus can be concluded that the settling velocity is the
deciding factor in the design, and that SVI has only limited application.
It is not suggested, however, that solids loadings as high as 56.5
lbs/ft2/day are always possible in an oxidation ditch system, since the
sludge evaluated was not an ideal activated sludge.
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CONCLUSIONS
The previous section of this report discussed the findings of this study.
The most significant ones are listed below.
(1) Arctic and sub-arctic climates dictate deep oxidation ditches
as the most logical choice because of heat loss considerations.
(2) The oxidation ditch studied produces an effluent better than
normally found for activated sludge plants in the temperate
areas of North America.
(3) The effluent produced by this process is good, but many
design refinements could be made based upon the results
presented herein.
(4) The applicability of using this process for small installa-
tions is as good as for any other extended aeration process,
particularly if fill and draw operation is specified.
(5) The rectangular cross-section and thin dividing wall incor-
porated in the plant studied must be considered a poor
design as it creates large areas of very concentrated sludge
deposits.
(6) The cage rotor is not capable of maintaining all the acti-
vated sludge in suspension in the ditch under consideration.
The accepted U. S. design criteria of 16,000 gal/ft of rotor
length is insufficient.
(7) Changing the 16,000 gal/ft criteria will not solve the prob-
lem for this ditch in that insufficient oxygen could be
transferred.
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(8) The sludge in the oxidation ditch process is characteris-
tically easy to settle out and hence a very high solids
loading in the settling tank is possible. Loadings as
high as 50 1bs/ft2/day may be in order.
(9) Greater attention must be paid to the process of sludge
settling in the operations of settling tanks in order to
improve the overall process efficiency.
(10) The high sludge content normally found in the oxidation
ditch is quite amenable to aerobic digestion.
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TABLE A-l: Influent BOD, 'Suspended Solids, and pH.
DATE BOD
mg/l
SS
mg/1
VSS
mg/l
%VSS
mg/1
pH DATE BOD
mg/l
SS
mg/l
VSS
mg/l
%VSS
mg/l
pH
1/13 238 158 128 81 7.5 5/18 i 142 265 150 57 7.6
2/2 270 490 360 73 7.3 5/20 92 115 50 44 7.5
2/4 158 312 256 82 7.4 5/24 169 220 85 39 7.4
2/11 180 145 85 59 7.3 5/26 159 160 110 69 7.4
2/16 182 140 90 64 7.8 5/28 -- 210 150 72 7.9
U1 2/18 204 150 70 47 7.4 6/2 149 120 110 92 7.8
a 2/20 198 215 140 _65 7.7 6/3 129 96 56 58 7.5
2/23 174 175 112 64 7.6 6/5 142 35 35 100
2/26 298 100 67 67 7.6 6/9 142 75 65 82 7.8
2/27 248 155 110 71 7.8 6/14 -- 135 90 67
2/28 -- 135 118 87 7.8 6/18 240 240 120 50
3/2 227 275 210 76 7.9 6/29 297 255 130 51
3/4 217 195 125 64 7.7 7/1 281 83 65 78
3/10 200 114 80 70 7.8 7/6 342 275 230 84
3/13 216 122 78 64 7.6 7/7-8 210 190 150 79
3/22-23 238 175 120 69 -- 7/27 252 190 150 79
TABLE A-2: Effluent BOD, Suspended Solids, and pH.
DATE BOD SS VSS %VSS pH DATE BOD SS VSS %VSS pH
mg/l mg/l mg/l mg/1 mg/l mg/l mg/l mg/l
1/7 -- 16 13 80 7.8 3/13 16 18 14-78 /.2
1/9 -- 18 16 89 7.6 3/22·23 41 30 24 80
1/13 30 34 24 71 7.6 5/18 16 20 10 50 7.4
1/21 27 48 34 71 7.3 5/20 177 1080 540 50 7.2
1/28 35 70 56 80 ...... 5/22 16 12 10 83 7.4
1/30 43 88 38 43 7.1 5/24 16 11 7 64 7.4
2/2 26 50 34 68 7.2 5/26 16 11 8 73 7.3
2/4 25 32 22 69 7.4 6/2 12 9 9 100 7.1
01
~
2/6 29 52 44 85
-- 6/3 27 8 6 75 7.4
2/11 20 26 18 70 7.4 6/5 18 8 8 100
2/13 33 28 20 71 7.4 6/9 38 36 26 72 6.9
2/16 34 20 12 60 7.1 6/14 -- 14 9 64
2/18 32 23 10 44 7.3 6/18 1012 4870 2470 51
2/20 44 53 38 72 7.1 6/28 52 25 15 60
2/23 40 32 21 66 7.4 6/29 35 30 22 73
2/26 250 775 610 79 7.2 7/1 1380 1400 720 51
2/27 473 1250 860 69 7.2 7/6 12 23 21 91
2/28
--
2370 1610 68 7.2 7/7-8 24 26 26 100
3/2 32 28 23 82 7.4 7/27 19 13 5 38
3/4 16 18 11 61 7.4 8/13 -- 2990 1170 39
3/10 20 17 11 65 7.3
TABLE A-3: BOD/COD Ratios of Influent and Effluent
INFLUENT EFFLUENT
DATE BOD COD BOD/COD BOD COD BOD/COD
mg/l mg/1 mg/l mg/l
2/2 270 600 0.45 26 78 0.33
2/11 1BO 432 0.42 20 112 0.18
2/16 182 324 0.56 34 93 0.36
2/18 204 456 0.45 32 70 0.47
2/20 198 525 0.38 44 173 0.25
2/23 174 324 0.54 40 154 0.26
3/2 227 510 0.45 31 78 0.40
3/4 217 496 0.44 16 68 0.23
3/10 200 416 0.48 19 68 0.28
3/13 216 484 0.45 16 60 0.21
3/22-23 238 424 0.56 41 120 0.34
5/18 142 270 0.52 16 64 0.25
5/24 169 312 0.54 16 28 0.57
5/26 159 286 0.55 16 55 0.29
6/3 129 256 0.50 27 64 0.42
6/29 297 372 0.80 35 92 0.38
7/6 342 468 0.73 12 52 0.23
7/27 252 424 0.59 19 40 0.47
52
TABLE A-4: D.O. and pH Values at Various Ditch Cross-Sections.
Sampled 9/9
SECTION D. 0., mg/l
Rotor I • Rotor I & II inln use use
.at Rotor I 1.3 1.5
A 0.5 0.9
C 0.3 0.3
F 0.4 0.1
G 0.3 0.2
Sampled 1 ft. from dividing wall at 1 ft. depth.
SECTION
A
C
E
G
B
before entry to
settl ing tank
Sampled 8/17
DEPTH IN FT.
3
3
3
3
Just below surface
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7.3
7.3
7.4
6.6
7.6
7.55
TABLE A-5: Aerobic Stabilization Studies
Date 7/27 - 8/2
TIME SINCE OXYGEN ¥PTAKE RAT~ S5 VSS
STARTING-Hrs. 1bs/day mg/hr mg/l mg/l
0 .114 13.7 5,170 2,870
31.5 .092 11.1 5,460 2,890
44.5 .066 7.8 5,500 2,810
58 .085 10.8 5,960 3,040
69 .058 7.2 5,780 2,960
80 .029 4.8 6,990 3,900
105 .032 5.4 8,040 4,040
130 .022 6.0 13,900 6,520
140 .053 7.2 6,590 3,240
STAB ILI ZATI ON
Volume of mixed liquor, ml
SS, mg/l
VSS, mg/l
SS, mg
VSS, mg
Percent SS oxidation
Percent VSS destruction
INITIAL
900
5,170
2,870
4,650
2,580
22
31
FINAL
550
6,590
3,240
3,620
1 ,780
1 - lbs. oxygen per lb. MLVSS per day
2 - mgs. per liter per hour
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TABLE A-6: MLSS Settling Velocity and Solids Flux
SUSPENDED SOLIDS SETTLING VELOCITY SOLIDS FLUX
CONCENTRATION, mg/l ft./min. 1b/ft2-day
1,500 .464 62.6
2,000 .368 66.2
2,500 .268 60.3
3,000 .188 50.6
3,630 .145
4,000 .136 49.0
4,370 .132
4,830 .115
5,000 .108 48.5
7,000 .076 47.8
7,020 .076
8,000 .064 46.0
10,000 .044 39.6
TABLE A-7: Occurrence"Probability of Influent BOD
BOD m m PERCENT BOD m m PERCENT
mg/l n+1 OCCURRENCE mg/l n+l OCCURRENCE
92 1 0.0345 3.45 204 15 0.5175 51 .75
129 2 0.0690 6.90 216 16 0.5520 55.20
142 5 0.1725 17.25 217 17 0.5865 58.65
149 6 0.2070 20.70 227 18 0.6210 62.10
158 7 0.2415 24.15 238 20 0.6900 69.0
159 8 0.2760 27.60 240 21 0.7245 72.45
169 9 0.3105 31.05 248 22 0.7590 75.90
174 10 0.3450 34.50 252 23 0.7935 79.35
180 11 0.3795 37.95 270 24 0.8280 82.80
182 12 0.4140 41.40 281 25 0.8625 86.25
198 13 0.4485 44.85 297 26 0.8970 89.70
200 14 0.4830 48.30 298 27 0.9315 93.15
342 28 0.9660 96.60
55
TABLE A-8: Occurrence Probability of Influent Suspended Solids
SS m m PERCENT SS m m PERCENT
mg/l n+l OCCURRENCE mg/l n+l OCCURRENCE
35 1 0.0313 3.13 158 16 0.5000 50.00
75 2 0.0625 6.25 160 17 0.5313 53.13
83 3 0.0938 9.38 175 19 0.5938 59.38
96 4 0.1250 12.50 190 20 0.6250 62.50
100 5 0.1563 15.63 195 21 0.6563 65.63
114 6 0.1875 18.75 210 22 0.6875 68.75
115 7 0.2188 21.88 215 23 0.7188 71.88
120 8 0.2500 25.00 220 24 0.7500 75.00
122 9 0.2813 28.13 240 25 0.7813 78.13
135 11 0.3438 34.38 255 26 0.8125 81.25
140 12 0.3750 37.50 265 27 0.8438 84.38
145 13 0.4063 40.63 275 29 0.9063 90.63
150 14 0.4375 43.75 312 30 0.9375 93.75
155 15 0.4688 46.88 490 31 0.9688 96.88
TABLE A-9: Occurrence Probability of Effluent BOO
BOD m m PERCENT BOO m m PERCENT
mg/l n+l OCCURRENCE mg/1 n+l OCCURRENCE
12 2 0.054 5.4 34 23 0.621 62.1
16 8 0.216 21.6 35 25 0.675 67.5
18 9 0.243 24.3 38 26 0.702 70.2
19 10 0.270 27.0 40 27 0.729 72.9
20 12 0.324 32.4 41 28 0.756 75.6
24 13 0.351 35.1 43 29 0.783 78.3
25 14 0.378 37.8 44 30 0.810 81.0
26 15 0.405 40.5 52 31 0.837 83.7
27 17 0.459 45.9 177 32 0.864 86.4
29 18 0.486 48.6 250 33 0.891 89.1
30 19 0.513 51. 3 473 34 0.918 91.8
32 21 0.567 56.7 1012 35 0.945 94.5
33 22 0.594 59.4 1380 36 0.972 97.2
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TABLE A-l0: Occurrence Probability of Effluent Suspended Solids
SS m m PERCENT
mg!l n+T OCCURRENCE
8 2 0.0488 4.88
9 3 0.0732 7.32
11 5 0.1220 12.20
12 6 0.1464 14.64
13 7 0.1708 17.08
14 8 0.1952 19.52
16 9 0.2196 21.96
17 10 0.2440 24.40
18 13 0.3172 31.72
20 15 0.3660 36.60
23 17 0.4348 43.48
25 18 0.4592 45.92
26 20 0.5080 50.80
28 22 0.5568 55.68
30 24 0.6056 60.56
32 26 0.6544 65.44
34 27 0.6788 67.88
36 28 0.7032 70.32
48 29 0.7276 72.76
50 30 0.7520 75.20
52 31 0.7764 77.64
53 32 0.8008 80.08
70 33 0.8252 82.52
88 34 0.8496 84.96
775 35 0.8740 87.40
1080 36 0.8984 89.84
1250 37 0.9228 92.28
1400 38 0.9472 94.72
2370 39 0.9716 97.16
4870 40 0.9960 99.60
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